Reviewer #1 (Remarks to the Author):
1.
In Figure 1 , the authors showed that BAP1 stabilizes ASXL1-MT and induces its monoubiquitination at lysine 351. While the mechanism remains unknown, future work to identify the related mechanism should be commented in the discussion. The sizes for figure 1b, c, d and g should be labeled. In addition, it is not clear how many times the experiments were repeated for the studies in Figure 1 .
2.
Figure 2, the authors nicely showed that monoubiquitinated ASXL1-MT enhances BAP1 catalytic activity. The sizes for figure 2a, d, e and f should be labeled. Please provide the "n" value for each of the experiments. Figure 2c , please clarify the total cell number assessed.
3.
In Figure 3 , the authors analyzed the effect of ASXL1-MT on mast cell differentiation. Clearly, the ASXL1-MT alone modestly impaired mast cell maturation. Since the cells used for this assay is c, the word "HSPCs" here should be replaced by "murine myeloid cell line". In addition, the following words "which was augmented by BAP1 coexpression" is confusing, and "augmented" should be replaced or changed to reflect that the inhibitory effect was trigger by ……. Figure 4d what type of cells are these GFP+ cells? In Figure 4i , the size of the bands should be labeled.
4.

5
. Figure 5d , e, the labeling of "murine HSPC cells", should be changed to cKit+ cells.
6.
There are some miss used notations for gene and proteins, e.g. small cases, vs. capital cases.
7.
Since some of the studies contain more than two genotypes of cells, student t-test is not appropriated for statistical analyses. Instead, ANOVA may apply for the statistical analyses.
Reviewer #3 (Remarks to the Author):
In this study, Asada and colleagues investigated the molecular mechanism of a C-terminally truncated mutant of ASXL1 (ASXL1-MT) and BAP1 in promoting myeloid leukaemogenesis. They found that BAP1 induces monoubiquitination of ASXL1-MT at K351. This, in turn, enhances the catalytic activity of BAP1 toward histone H2AK119Ub, leading to aberrant myeloid differentiation in hematopoietic progenitor cells and increased leukaemogenesis in a RUNX1-ETO-driven model. The authors then provide experimental evidence by RNAseq, qPCR and ChIP-qPCR to demonstrate that the hyperactive ASXL1-MT/BAP1 complex directly regulates expression of posterior HOXA genes and IRF8. This is achieved by removing the monoubiquitin modification of histone H2AK119. It is proposed that this is the potential mechanism by which ASXL1-MT/BAP1's promotes leukaemogenesis. Their data, therefore, suggest a tumor-promoting role of BAP1 in myeloid neoplasms, despite its well-defined tumor suppressor activity in other tumor models. This study has some interesting observations, such as the mutually reinforcing model between ASXL1-MT and BAP1 through monoubiquitination at K351, and the direct regulation of HOXA genes and IRF8 in multiple myeloid neoplasms. However, many of the observations are disconnected, and lack compelling experimental evidence to establish a causal relationship.
Major concerns:
1.
It is interesting to learn that expression of BAP1, a deubiquitinating enzyme, promotes rather than reduces the monoubiquitination of ASXL1-MT at K351. Though the authors claim this is achieved through BAP1 recruiting an E3 ligase complex, their failure to identify such a complex undermines this assertion. Why does BAP1 promote monoubiquitination of ASXL1-MT, but not full length ASXL1? It is important to point out that this monoubiquitination site (K351) is located within the DEUBAD domain, essential for BAP1 binding (Sahtoe et al., 2015) . Hence, it will be important to compare the binding affinity of BAP1 for ASXL1-MT versus ASXL1-MT K351R, as the reduced activity of K351R may well be due to reduced ASXL1/BAP1 interaction -not loss of monoubiquitination. Also, the ASXL1-MT mutant may possess higher affinity to BAP1 compared to the full-length ASXL1 protein, explaining its hyperactivity.
2.
The authors claim that the monoubiquitination of ASXL1-MT enhances the catalytic function of BAP1, and it does so by enhancing the autodeubiquitination activity of BAP1 and increasing its nuclear retention. However, a key control experiment is missing. Per this hypothesis, the ASXL1-MT and ASXL-MT K351R should show no difference in promoting the nuclear retention of BAP1 C91A mutant. This control should be added to this study.
3.
In the RUNX1-ETO-induced leukaemogenesis model and the c-Kit+ cells, the authors observed increased transcription of HOXA genes and IRF8, and conclude that the dysregulation of these genes is responsible for the transforming ability of the ASXL1-MT/BAP1 complex. However, this is merely an association rather than a causal relationship. More experimental evidence is needed to cement this conclusion. First, the authors should determine the protein level of these genes by western blot, and CRISPR knockout the candidate genes in ASXL1-MT/BAP1 expressing cells to see if this counters transforming or differentiation events.
4.
The authors showed that in the RUNX1-ETO CB cell model (i) the expression of ASXL1-MT alone is sufficient to promote the growth of cells, and (ii) that endogenous levels of BAP1 are sufficient for inhibiting ASXL1-MT driven differentiation. In Figure 1b , 1g and 1h, however, they clearly show that expression of ASXL1-MT alone doesn't result in a monoubiquitination-mediated shift, indicating that endogenous BAP1 is, in fact, not sufficient. Is there some cell or model specificity? Some Minor concerns:
1.
Majority of ASXL1 mutations identified in myeloid neoplasms result in C-terminally truncated proteins. It will be interesting to test multiple mutations in their key assays, such as the monoubiquitination-caused shift of ASXL1, or protein stability with or without BAP1. These data will highlight the generality of this model.
2.
What is the molecular or cellular basis of enhanced ASXL1-MT/BAP1 catalytic activity? Does it increase the enzymatic activity of the complex, or does it promote the recruitment of this complex to chromatin?
3.
In Figure 1c and 1d, it will be interesting to see whether co-expression of BAP1 stabilizes ASXL1-MT K351R. This will indicate that monoubiquitination plays a role in ASXL1 stability.
4.
This study is based on over-expression of ASXL1-MT, in the cell lines that harbor ASXL1 mutation, such as Kasumi-1, MEG-01 and TS9;22. Does endogenous ASXL1 show a monoubiquitination-mediated shift?
5.
The authors state that interaction between ASXL1-MT and the atypical E2/E3 hybrid ligase UBE2O occur only in cells where BAP1 is coexpressed. If so, then why in Figure 1f is an interaction detected between UBE2O and ASXL1-MT in the absence of BAP1 expression? ** See Nature Research's author and referees' website at www.nature.com/authors for information about policies, services and author benefits [Comment #6] - Figure 5F : data presented from triplicate wells, it is unclear if this experiment was repeated more than once in its entirety, which is critical to demonstrate reproducibility. Statistical analysis should also be performed - Figure 6H : same comment as Figure 5F [RESPONSE to Comment #6] According to the reviewer's comment, we repeated the experiments four times in total, and performed statistical analyses. We have added the data (original Figure 5f , 6h corresponding to new Figure 6f and 7h, respectively) to the revised manuscript.
[Comment #7]
In addition, some of the language used in the paper is inconsistent with the results, as follows:
-results paragraph 1 and Figure 1 is testing "overexpression" of BAP1 not "presence" of BAP1. The latter would be most appropriately tested by knockout of BAP1.
[RESPONSE to Comment #7] Thank you very much for the thoughtful comment. In revised manuscript, we have performed new experiments using BAP1-targeting sgRNAs and showed that endogenous BAP1 is indeed essential for monoubiquitination of ASXL1-MT. We have now added the data to the revised manuscript (New Figure 1h, Supplementary Figure 1d) , and have rephrased the sentences accordingly to "Expression of BAP1 stablized mutant ASXL1 and induces its monoubiquitination at lysine 351" (Page5, line 105-106).
[Comment #8] -results describing Figure 2C state that "nuclear import of BAP1 is not observed with ASXL1-MT-K351R". The data in the figure show that nuclear import is observed, although to a lesser extent than that of the ASXL1-MT.
[RESPONSE to Comment #8] Thank you for the important comment. According to your suggestion, we have revised the statement to "observed only weakly when we used the ubiquitination-deficient ASXL1-MT-K351R" (Page 9, line 180-181).
To Reviewer #2's comments [Comment #1] In Figure 1 , the authors showed that BAP1 stabilizes ASXL1-MT and induces its monoubiquitination at lysine 351.
While the mechanism remains unknown, future work to identify the related mechanism should be commented in the discussion. The sizes for figure 1b, c, d and g should be labeled. In addition, it is not clear how many times the experiments were repeated for the studies in Figure 3c ). We performed each experiment at least three times. We have revised figure legends accordingly.
[Comment #3]
In Figure 3 , the authors analyzed the effect of ASXL1-MT on mast cell differentiation. Clearly, the ASXL1-MT alone modestly impaired mast cell maturation. Since the cells used for this assay is c, the word "HSPCs" here should be replaced by "murine myeloid cell line". In addition, the following words "which was augmented by BAP1 coexpression" is confusing, and "augmented" should be replaced or changed to reflect that the inhibitory effect was trigger by ……. There are some miss used notations for gene and proteins, e.g. small cases, vs. capital cases.
[RESPONSE to Comment #6]
We have revised the text according to the reviewer's suggestion. Thank you very much.
[Comment #7]
[RESPONSE to Comment #7] We thank the reviewer's thoughtful suggestion. We re-analyzed our data using ANOVA (new Figure 4a-f, 5a , 5e, 5f, 6a, 6f, 7b, 7f, 7g, 9a, 9c and 9d) and have changed figure legends accordingly. The new analyses did not change our conclusion.
To Reviewer #3's comments It is interesting to learn that expression of BAP1, a deubiquitinating enzyme, promotes rather than reduces the monoubiquitination of ASXL1-MT at K351. Though the authors claim this is achieved through BAP1 recruiting an E3 ligase complex, their failure to identify such a complex undermines this assertion.
[RESPONSE to Comment Major #1-1]
We completely agree with the reviewer that it is important to identify the E3 ligase responsible for the monoubiquitination of ASXL1-MT. We selected twenty ubiquitin ligases, including BAP1 interacting proteins, and ASXL1-MT (new Supplementary Figure 2a, b) . These data suggest that BAP1 binds to ASXL1-MT more strongly than wild-type ASXL1, and it could explain why BAP1 selectively promote monoubiquitination of ASXL1-MT. We have added these data to the revised manuscript and modified the text accordingly (Page 6, line 119-120).
[Comment Major #1-3] It is important to point out that this monoubiquitination site (K351) is located within the DEUBAD domain, essential for BAP1 binding (Sahtoe et al., 2015) . Hence, it will be important to compare the binding affinity of BAP1 for ASXL1-MT versus ASXL1-MT K351R, as the reduced activity of K351R may well be due to reduced ASXL1/BAP1 interaction -not loss of monoubiquitination. Also, the ASXL1-MT mutant may possess higher affinity to BAP1 compared to the full-length ASXL1 protein, explaining its hyperactivity.
[RESPONSE to Comment Major #1-3]
We thank the reviewer's insightful recommendations and agree that these are important points. To compare the binding affinity of BAP1 for ASXL1-MT versus ASXL1-MT K351R, we used FLAG/MYC tagged constructs and performed competitive immunoprecipitation assay. This assay revealed that both ASXL1-MT and ASXL1-MT-K351R bind to BAP1 with similar affinities. We have added these data to the revised manuscript (new Supplementary Figure 2c, d) , and modified the text accordingly (Page 6, line 120-124).
[Comment Major #2]
[RESPONSE to Comment Major #2] Thank you for the important comment. In response to the reviewer's comment, we performed the immunofluorescence assay using BAP1-C91S as a control. BAP1 C91S coexpressed with vector control have not been accumulated to nucleus compared with BAP1 WT. Interestingly, BAP1 C91S still showed some nuclear localization in a fraction of cells when ASXL1-MT but not ASXL1-MT K351R was coexpressed (new Supplementary Fig.3a) , probably because BAP1-C91S retains weak deubiquitinase activity and induces monoubiquitination of ASXL1-MT as shown in Figure 1b . We have added these data to the revised manuscript and modified the text accordingly (Page 9, line 181-183). [Comment Major #3] In the RUNX1-ETO-induced leukaemogenesis model and the c-Kit+ cells, the authors observed increased transcription of HOXA genes and IRF8, and conclude that the dysregulation of these genes is responsible for the transforming ability of the ASXL1-MT/BAP1 complex. However, this is merely an association rather than a causal relationship. More experimental evidence is needed to cement this conclusion. First, the authors should determine the protein level of these genes by western blot, and CRISPR knockout the candidate genes in ASXL1-MT/BAP1 expressing cells to see if this counters transforming or differentiation events.
[RESPONSE to Comment Major #3] Thank you very much for the important suggestion. We assessed protein levels of Hoxa5, Hoxa7 Hoxa9 and Irf8 in murine c-kit positive cells transduced with control vector or ASXL1-MT/BAP1, and confirmed that ASXL1-MT and BAP1 upregulated these genes at protein levels (new Supplementary Figure 6a Figure 1d) . Importantly, depletion of BAP1 using CRISPR/Cas9 system led to disappearance of the upper band in both 293T and Hela cells (new Figure   1h and Supplementary Figure 1d) , demonstrating the essential role of endogenous BAP1 to induce monoubiquitination of ASXL1-MT.
To further assess the relevance between the level of ASXL1-MT and BAP1-induced monoubiquitination, we then sorted GFP-high or low (expressing relatively high-or low-level of ASXL1-MT) cells, and assessed expression (and band shift) of ASXL1-MT in each fraction. Interestingly, the majority of ASXL1-MT was detected as the upper band in GFP-low fraction, while both upper and lower bands were detected in GFP-high fraction (new Figure 1f, g ). These data confirm the importance of expression levels to determine the ratio of mono-and nonubiquitinated ASXL1-MT, and suggest that the majority of endogenous mutant ASXL1 exists as the monoubiquitinated protein in cells. We have added these data to the revised manuscript, and have modified the text accordingly (Page 6-7, line 126-143).
[Comment Minor #1] Majority of ASXL1 mutations identified in myeloid neoplasms result in C-terminally truncated proteins. It will be interesting to test multiple mutations in their key assays, such as the monoubiquitination-caused shift of ASXL1, or protein stability with or without BAP1. These data will highlight the generality of this model.
[RESPONSE to Comment Minor #1]
According to the reviewer's recommendation, we tested two additional common ASXL1 mutations (G646WfsX12 and Y591X), and confirmed that BAP1 similarly induced monoubiquitination and stabilization of them. We have added these data to the revised manuscript (new Supplemental Figure 1a) , and modified the text accordingly (Page 5-6, line 110-112). Thank you very much for your valuable comment.
[Comment Minor #2]
What is the molecular or cellular basis of enhanced ASXL1-MT/BAP1 catalytic activity? Does it increase the enzymatic activity of the complex, or does it promote the recruitment of this complex to chromatin? [RESPONSE to Comment Minor #2] A previous report showed that deubiquitinase adaptor (DEUBAD) domain of ASXL1 increases BAP1's affinity for ubiquitin on H2A (PMID:26739236), and we showed that monoubiquitinated ASXL1-MT enhances nuclear retention of BAP1. These findings suggest that ASXL1-MT promotes the recruitment of BAP1 to chromatin, especially towards the regions with H2AK119ub. However, this concept needs to be experimentally confirmed in future research. We added this explanation to the revised manuscript (Page22, 467-472).
[Comment Minor #3]
